lower extremity was 0.94 (95% CI, 0.87-1). Kappa for proximal veins was 1; for calf veins 0.9 (95% CI, 0.79-1). For the posterior tibial veins and peroneal veins, kappa was 0.84 (95% CI, 0.66-1) and 0.77 (95% CI, 0.59-0.94), respectively. The results show that almost complete interobserver agreement can be achieved in compression ultrasound of both proximal and distal deep veins conducted according to a standardized examination protocol in clinically suspected deep vein thrombosis. Key Words: Venous compression ultrasound-Interobserver variability-Deep vein thrombosis-Ultrasound-doppler-Kappa statistics. ed D-dimer, pretest probability determination, and repeat ultrasound of common femoral and popliteal veins (6) (7) (8) because there is no agreement on the sensitivity of direct sonographic imaging in the diagnosis of calf vein thrombosis in the literature. Other authors, however, found calf vein sonography to be highly accurate in the diagnosis of clinically suspected DVT when compared with venography (9) . Although venography was used as the standard for verifying the accuracy of ultrasound in the calf in these studies, the reproducibility of venographic findings has never been demonstrated. We developed a strictly standardized protocol for the examination of all venous segments from the groin to the ankle with B-mode compression ultrasound as the only sonographic modality (complete CUS = CCUS). Using this standardized examination protocol, we assessed the reproducibility of the sonographic findings independently of the results of venography investigating the interobserver agreement of CCUS in clinically suspected DVT.
PATIENTS AND METHODS
The study was conducted in the central vascular diagnostic unit of the University of Dresden Medical School. Similar numbers of outpatients are referred to this unit by general practitioners, by medical and surgical health centers, and among inpatients in the 1,250 bed hospital, where diagnosis of acute DVT with compression ultrasound is established in approximately 400 patients per year. On 21 consecutive workdays, the symptomatic legs of all patients referred for clinically suspected DVT were investigated. All patients were informed about the study and consented with examination by two sonographers. Patients referred for follow-up of a known thrombotic episode and asymptomatic patients referred for postoperative screening were not included in the study. Ultrasonography was performed with a linear array transducer (UM9HDI, 4-7 MHz, ATL, Bothell, WA).
Both investigators followed a standardized protocol with predefined 28 venous segments between the groin and the ankle ( Table 1) . Each segment was determined to be assessable/not assessable and compressible/not compressible. The entire proximal vein section was considered inassessable when one or more of the proximal segments (segments 1-6) were not assessable. The entire peroneal, anterior tibial, or posterior tibial group was considered inassessable when two or more peroneal, anterior tibial, or posterior tibial segments (segments 7-22) could not be assessed. The entire gastrocnemial or soleal group was defined as inassessable when the most proximal segment of the respective group was not assessable (segments 23, 25, 27) . The entire lower extremity was considered inassessable, when one or more groups of the deep venous system (femoral, popliteal, peroneal, anterior or posterior tibial) were inassessable. Proximal DVT was defined as incompressibility of at least one segment of segments 1 to 6. Distal DVT was defined as incompressibility of at least one segment of segments 7 to 22. Calf muscle vein thrombosis was defined as incompressibility of at least one segment of segments 23 to 28. Femoral veins (segments 1-4) were examined with the patient in supine; popliteal and calf veins (segments 5-28) with the patient seated and their legs vertical. Both legs in each patient were investigated and the findings and examination times recorded by a medical assistant. The second examination immediately followed the first. The second investigator was blinded for the results of the first examination. A technical assistant documented the sonographic findings.
Statistical Tests
For interobserver variability in legs with clinically suspected DVT, Cohen's Kappa coefficient was calculated using SPSS 10.0 statistical software. Kappa is defined as the observed agreement not accounted for by chance, divided by the possible agreement not accounted for by chance. A value of -1 indicates complete disagreement, + 1 complete agreement. Values below 0.1 indicate no agreement, between 0.1 and 0.4 weak agreement, between 0.41 and 0.6 clear agreement, between 0.61 and 0.8 strong agreement, and between 0.81 and 0.99 almost complete agreement. The 95% confidence intervals were calculated. Difference in examination time was calculated using student t test, and p values less than 0.05 were considered statistically significant.
RESULTS
A total of 101 lower extremities with clinical suspicion of DVT were investigated in 90 patients (52 female, 38 male). Mean age was 58.5 +18 years (range, 15-89 years). Mean body mass index was 26.4 +4.18 kg/M2 (range, 18.3-42.5 kg/M2; median, 25.5). Of these 101 lower extremities, three (3%) were classified inassessable by at least one investigator (distal section in two cases, proximal section in one case). Thrombosis was diagnosed by both investigators in proximal veins in 15.8% and in distal veins in 16.8% (14.8% in the calf muscle veins, 9.9% in the tibial posterior group, and 11.9% in the peroneal group). Isolated calf DVT was found in 6.9% by both investigators. Interobserver variability was 0.94 and 0.90 for all DVT and for distal DVT, respectively ( Table 2 ). The anterior tibial group was classified as thrombotic by both investigators in one leg, by only one investigator in another leg, and as normal by both investigators in 99 legs. This occurrence rate of DVT (2%) is too low for kappa statistical tests to be applied. In addition to the symptomatic lower extremity, the contralateral lower extremity was examinated in all patients. In legs in which DVT was not suspected, there were positive findings of DVT in four and five by investigator 1 and 2, respectively. Mean examination time for both lower extremities was 10:54 +4:08 minutes for investigator 1 and 12:24 +5:02 minutes for investigator 2 (p=0.013). 
DISCUSSION
In clinically suspected DVT, an overall prevalence of isolated calf vein thrombosis ranging from 5% to 24% has been shown in retrospective and prospective studies (10) (11) (12) (13) (14) (15) . In isolated calf vein thrombosis, propagation to proximal DVT has been demonstrated in 4% to 32% (16) (17) (18) (19) (20) and pulmonary embolism in 10% to 21% (21) (22) (23) .
The value of ultrasound in the diagnosis of calf vein thrombosis has been a matter of ongoing dispute. Data are contradictory regarding its accuracy when tested against the standard of venography (1, 7, 24) . However, venography as a standard diagnostic tool for the detection of calf 11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28 vein thrombosis is debatable. Here, data on the reproducibility of these tests may aid in the assessment of their diagnostic value.
Regarding venography, data on interobserver agreement in clinically suspected DVT have been reported in two studies. In 117 patients, Illescas and associates reported kappa values between 0.53 and 0.56 for the entire leg when contrast venography was used, and values between 0.42 and 0.56 when technetium-99m red blood cell venography was used (25) . Lensing and associates investigated 123 patients using the Rabinov and Paulin technique (kappa value for the entire leg: 0.65; 95% CI, 0.53-0.77) and 126 patients using the long leg technique (kappa value for the entire leg: 0.92; CI, 0.84-0.99) (26) . Data specifying distal veins have not been reported for suspected DVT.
A standardized technique is precondition for a good reproducibility of a diagnostic method. Therefore we developed a strictly standardized protocol for the examination of all venous segments from the groin to the ankle. Investigation was performed using B-mode compression ultrasound as the only sonographic modality. Colorcoded doppler was not used for examination.
We investigated the interobserver agreement of CCUS in diagnosing DVT in legs in which the condition is clinically suspected and found complete agreement between the two for the proximal vein section and almost complete agreement for the distal vein section and the entire extremity. For peroneal and posterior tibial calf veins, we found strong agreement. In anterior tibial veins, interobserver agreement could not be calculated for statistical reasons. There was one case of disagreement in 101 investigated lower extremities.
Regarding the rate of indeterminate results in the examination of calf veins, the following factors have to be discussed: investigator-related factors (individual training and experience), patient-related factors (frequency of plaster casts, large hematomas or wounds), and procedural factors (patient position, ultrasound modality, predefinition of venous segments to be examined). In our study, the training of the investigators was defined; the calf veins were investigated with the lower legs hanging down; and only Bmode compression sonography was used. With these preconditions, the rate of indeterminate results was 1% in proximal veins and 2% in distal veins by at least one investigator. It may be concluded that the main factor in reducing the number of indeterminate results is standardization of the examination protocol.
In a heterogeneous population of 82 patients, Barrellier and associates found similar results, with kappa values of 0.86 (95% CI, 0.73-1) for proximal veins, 0.86 (95% CI, 0.74-0.97) for distal veins, and 0.90 (95% CI, 0.81-0.98) for the entire leg.
However, the subgroup of clinically suspected DVT only included 37 patients. Haenen and associates found kappa values of 0.78 for proximal and 0.72 for distal veins in 13 patients in whom bias must be suspected because the patients examined were known to have DVT (28) .
Comparison of these results with the present findings shows that, in clinically suspected DVT, complete compression ultrasound yields reproducibility that is at least as good or better than venography for the proximal veins and the entire leg. With examination times of 10 to 15 minutes for bilateral sonography, this test appears feasible for use in daily practice. A limitation of our study is that neither a separate standard nor a clinical safety evaluation were used. Thus, despite the strong interobserver agreement observed, no conclusion regarding the diagnostic accuracy or safety of a negative result can be drawn. However, in the proximal veins and the entire lower extremity, interobserver agreement is at least as good as that for venography; in the distal veins, no comparison is possible because no data for venography are available.
In summary, our results show that complete compression ultrasound is well reproducible for both proximal and distal veins in clinically suspected DVT. Although our data provide the methodologic background for the good results found retrospectively (29, 30) , the safety of sonography in suspected DVT remains to be demonstrated in prospective studies.
